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(57) ABSTRACT 
Network elements of a ?rst synchronous transport network 
are to be connected to one another via a second synchronous 
transport network. For this purpose a frame (STM-4) to be 
transmitted, including the unchanged overhead sections 
(MS-OH, RS-OH, AU-PTR) thereof, is packed as payload in 
a concatenation (VC-4-5v) of newly formed multiplex units 
(VC-4v) and transmitted in newly formed transport modules 

(22) Filed: May 24, 2001 via the second transport network. 
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METHOD OF TRANSMITTING SYNCHRONOUS 
TRANSPORT MODULES VIA A SYNCHRONOUS 

TRANSPORT NETWORK 

[0001] This application is based on and claims the bene?t 
of European Patent Application No. 004401600 ?led May 
26, 2000, Which is incorporated by reference herein. 

FIELD OF THE INVENTION 

[0002] The invention relates to a method of transmitting, 
via a synchronous transport network, a frame-structured 
synchronous multiplex signal, being composed of transport 
frames having a payload section and an overhead section, in 
the payload section of Which multiplex units are multiplexed 
in accordance With a multiplex hierarchy, and to a multi 
plexer for a synchronous transport netWork Which is adapted 
to transmit a frame-structured, synchronous multiplex signal 
of this type. 

BACKGROUND OF THE INVENTION 

[0003] A synchronous digital transport netWork operates 
for example in accordance With the recommendations of the 
ITU-T (Telecommunication StandardiZation Sector of Inter 
national Telecommunication Union) for SDH (Synchronous 
Digital Hierarchy) or SONET (Synchronous Optical Net 
Work), useful information being packed in so-called con 
tainers. The containers contain an overhead section knoWn 
as “path overhead” together With Which they are referred to 
as virtual containers VC-N. There are virtual containers of 

the types VC-ll, VC-12, VC-2, VC-3 and VC-4. There are 
also contiguously concatenated containers of the types 
VC-4-4c and VC-4-16c in the case of SDH, and VC-3-3c, 
VC-3-12c and VC-3-48c in the case of SONET. The virtual 
containers represent multiplex units and are multiplexed in 
a frame referred to as synchronous transport module STM-N 
(N-l, 4, 16 or 64), the virtual containers being able to be 
arbitrarily positioned in the payload section of the transport 
modules and addressed by a pointer in the overhead section 
of the transport modules. Smaller virtual containers here are 
alWays multiplexed in larger virtual containers. A synchro 
nous transport module in SDH for example alWays com 
prises a virtual container VC-4, or in the case of contigu 
ously concatenated containers, a VC-4-nc (n=4 or 16). On 
the other hand, in the case of SONET each transport module 
alWays contains three VC-3s, and in the case of contiguously 
concatenated containers a VC-3-3c, Which corresponds to a 
VC-4, a VC-3-12c or a VC-3-48c. The described multiplex 
hierarchy of SDH and SONET is described in detail in 
ITU-T G.707 (3/96) Chapter 6. 

[0004] Communications signals transmitted in a synchro 
nous transport netWork of this kind are thus frame-struc 
tured, synchronous multiplex signals being composed of 
frames each having a payload section and an overhead 
section. Multiplex units are multiplexed in the payload 
section of each transport frame in accordance With the 
multiplex hierarchy speci?ed by the ITU-T. The overhead 
section contains a pointer to the largest multiplex unit 
contained in the payload section and one section referred to 
as RSOH (regenerator section overhead) and one section 
referred to as MSOH (multiplex section overhead). These 
contain items of check- and control information Which in the 
case of the RSOH are terminated and regenerated by each 
regenerator and in the case of the MSOH by each multi 
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plexer. Amongst other things, management functions of the 
netWork management system are performed With the aid of 
these items of check- and control information. Increasingly, 
synchronous transport netWorks are being used not only by 
public netWork operators but also as company netWorks With 
company netWork management systems. If a plurality of 
SDH- or SONET-based sub-netWorks of a company netWork 
are to be connected via the transport netWork of a public 
operator, different use of the check- and control information 
from RSOH and MSOH can lead to con?icts betWeen the 
netWork management systems of company transport net 
Work and public transport netWork. Agreements on a uni 
form use of the check- and control information are necessary 
and the netWork management system of the company trans 
port netWork is restricted With regard to the management of 
its company netWork. Thus for example the multiplex struc 
ture cannot be changed from 16><VC-4 to 1><VC-4-16c in a 
STM-16 Without the agreement of the public netWork opera 
tor. 

[0005] Optical netWorks via Which so-called optical chan 
nels (OCh) are to be transmitted are also currently in 
development. These netWorks are to be capable of transpar 
ently transmitting signals With any bit rate and therefore 
these future optical netWorks Will also be capable of trans 
parently transporting frame-structured communications sig 
nals from a company netWork. HoWever as yet no binding 
standard exists for this purpose and moreover the construc 
tion of such an optical netWork Would require the replace 
ment of all the netWork elements. 

SUMMARY OF THE INVENTION 

[0006] An object of the invention is to provide a method 
With Which it is possible to use the current SDH- or 
SONET-based transport netWorks to connect synchronous 
digital sub-netWorks of private operators Without the need 
for agreements betWeen the netWork management systems 
and Without restrictions upon the private operator. Another 
objective of the invention is to provide a multiplexer for a 
synchronous transport netWork With Which frame-structured 
synchronous multiplex signals, being composed of frames 
having a payload section and an overhead section in the 
payload sections of Which multiplex units are multiplexed in 
accordance With a multiplex hierarchy, can be transmitted 
Without the need to access the overhead section of the 
transport frames to be transmitted. 

[0007] The object is achieved by mapping the frames to be 
transmitted, including their unchanged overhead sections, as 
payload in a concatenation of neWly formed multiplex units. 

[0008] With respect to the multiplexer, this object is 
achieved by a multiplexer for a synchronous digital transport 
netWork, Which has at least one tributary input, a multiplex 
device, and at least one output. The tributary input receives 
a ?rst frame-structured synchronous multiplex signal Which 
is composed of ?rst frames each having a payload section 
and an overhead section. The multiplex units are multi 
plexed in the payload sections in accordance With a multi 
plex hierarchy. The multiplex device is connected to the 
tributary input. It serves to create neW multiplex units, to 
concatenate the neWly formed multiplex units to form a 
concatenation, and to pack the received transport frames, 
including the unchanged overhead sections thereof, as pay 
load in the concatenation of the neWly formed multiplex 
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units. The one output creates and transmits a second, frame 
structured synchronous multiplex signal composed of sec 
ond frames in Whose payload sections the concatenated, 
neWly formed multiplex units are inserted. 

[0009] An advantage of the invention is that it facilitates 
the construction of SDH- or SONET-based virtual private 
netWorks (VPN). Other advantages are that it is also possible 
to transmit frame-structured synchronous communications 
signals in the case of Which overhead bytes are used pro 
prietarily, ie not in accordance With the ITU-T recommen 
dations, that RSOH, MSOH and pointer values remain in the 
overhead section of the transport frames to be transmitted, 
and that therefore in the transmission of such frame-struc 
tured synchronous communications signals the same effect 
is achieved as Would be achieved With the planned optical 
netWorks but Without the need to replace the existing net 
Work elements in the public transport netWork. 

[0010] Another advantage of the invention consists in that 
the private netWork operator can set up protection circuits, 
such as MSP (Multiplex Section Protection, ITU-T G841, 
10/1998, Section 7.1) or MS-SPRING (Multiplex Section 
Shared Protection Ring, ITU-T G841, 10/1998, Section 7.2) 
betWeen its sub-netWorks. 

[0011] The invention can also be used advantageously for 
the sWitching of frame-structured communications signals 
Within a netWork element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] In the folloWing the invention Will be described in 
several exemplary embodiments making reference to FIGS. 
1 to 8 in Which: 

[0013] FIG. 1 illustrates sub-netWorks of a private net 
Work operator Which connects its sub-netWorks via a public 
transport netWork, 

[0014] FIG. 2 illustrates the multiplex structure for the 
process according to the invention for a SDH-based trans 
port netWork, 

[0015] FIG. 3 illustrates the multiplex structure for the 
process according to the invention for a SONET-based 
transport netWork, 

[0016] FIG. 4a, b illustrate a ?rst example for the map 
ping of frames of the type STM-4 in a SDH-based transport 
netWork, 
[0017] FIG. 5a, b illustrate a second example for the 
mapping of frames of the type STM-16, 

[0018] FIG. 6 illustrates the construction of a virtual 
private netWork With the arrangement according to FIG. 1, 

[0019] FIG. 7 illustrates the logical construction of the 
virtual private netWork according to FIG. 6 and 

[0020] FIG. 8 is a block diagram of a multiplexer accord 
ing to the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] FIG. 1 shoWs an application of the invention as 
?rst exemplary embodiment. TWo sub-netWorks SN1 and 
SN2 and one individual netWork element R6 of a private 
operator are connected to one another via a public transport 

Jan. 3, 2002 

netWork WAN. The ?rst sub-netWork SN1 contains three 
netWork elements R1, R2 and R3 Which are connected to 
form a ring netWork. The second sub-netWork SN2 contains 
tWo netWork elements R4 and R5 Which are connected to 
one another via tWo redundant lines. The netWork elements 
are interconnected Within the sub-netWorks SN1, SN2 via 
SDH interfaces via Which the frame-structured synchronous 
multiplex signals are transmitted. The multiplex signals 
consist of synchronous transport modules of the type STM 
4. 

[0022] Each of the netWork elements R1-R6 is an IP router 
in each case of a data netWork via Which a plurality of 
IP-capable terminals of the operator are interlinked. The 
SDH-connections Within the sub-netWorks represent the 
operator’s backbone netWork via Which the IP-traf?c 
betWeen the data netWorks is handled for example by means 
of the method for “IP via SDH” knoWn from IETF RFC 
1619 and 1661. 

[0023] The sub-netWorks SN1, SN2 and the individual 
router R6 are noW likeWise to be capable of exchanging 
transport modules of the type STM-4 via the transport 
netWork WAN in order that the sub-netWorks are connected 
to one another. For this purpose it is necessary for the 
transport modules to be transmitted unchanged betWeen the 
sub-netWorks, ie without terminating the overhead of the 
transport modules in the transport netWork WAN, so that the 
operator’s backbone netWork is not subject to any restric 
tions regarding the use of the overhead bytes. 

[0024] A basic principle of the invention is noW to trans 
mit the synchronous transport modules in transparent fash 
ion as payload in a concatenation of virtual containers. For 
this purpose neW multiplex units of the type VC-4 are 
formed in the transport netWork and concatenated With one 
another to form a virtual concatenation VC-4-nv. The trans 
port frames to be transmitted betWeen the sub-netWorks are 
packed as payload into the payload sections of the multiplex 
units of this virtual concatenation. The neWly formed mul 
tiplex units are then embedded in the payload section of 
neWly formed transport modules and transmitted via the 
transport netWork WAN. 

[0025] The mapping illustrated in FIG. 2 is used for this 
purpose. FIG. 2 shoWs a container C-4 Which, by the 
addition of an overhead section knoWn as POH (path over 
head), is extended to form a virtual container VC-4. The 
container C-4 contains data of a payload signal Which are to 
be transmitted. The virtual container VC-4 represents the 
multiplex unit. By the addition of a pointer indicating the 
phase position of the virtual container VC-4 in a superor 
dinate transport frame, the VC-4 becomes a so-called AUG 
(administrative unit group). 
[0026] Alternatively, as shoWn in the second from bottom 
line of the Figure, an AUG can also contain a container of 
a contiguous concatenation C-4-nc. Such contiguous con 
catenations are used When, in a transport module STM-N 
(N=4, 16 or 64) Which is greater than a STM-1, the payload 
sections of the containers C-4 contained therein are to be 
jointly used for one single transmission channel. At this 
point it should also be noted that the nomenclature of the 
draft version of ITU-T G707 (Temporary Document 48R1 
(PLEN), 4/00), currently discussed in ITU-T SG15, differ 
entiates the AUG into AUGN (N=1, 4, 16) corresponding to 
the siZe of the transport module in Which the AUG is 
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transported. Accordingly a STM-16 always contains an 
AUG16. This AUG16 can contain either a contiguous con 
catenation of 16 VC-4s (VC-4-16c) or hoWever four byte 
Wise interleaved AUG4s. The AUG4s can in turn contain 
either a contiguous concatenation VC-4-4c or four type-Wise 
interleaved AUGls. 

[0027] In a next step a transport frame STM-N is formed, 
Where N can be 1, 4, 16 or 64. For N=1, as already 
mentioned, the transport frame contains an overhead section 
comprising SOH, RSOH and pointer, and a payload section. 
The payload section comprises exactly one AUG1 and the 
pointer addresses the start of the VC-4 in the payload 
section. igher transport frames (N=4, 16, 64) are formed by 
byte-Wise interleaving of N AUGls to form AUGN. A 
STM-N thus contains exactly one AUGN Which in turn 
contains exactly N AUGIs in accordance With the described 
multiplex rule. The manner in Which the AUGs are inter 
leaved in the STM-N is described in detail in the draft 
version of ITU-T G.707 (Temporary Document 48R1 
(PLEN), 4/00 Chpt. 7.1. 

[0028] The thus formed transport frame STM-N is noW 
periodically repeated With a frame clock, Where each neW 
frame naturally contains neW data bits of the payload signal 
to be transmitted. The synchronous data stream formed from 
the periodically repeated transport frames is transmitted in 
the sub-networks of the private operator and transports all 
the payload data, i.e. in the exemplary embodiment the IP 
packets, Which are transmitted betWeen the individual rout 
ers in the operator’s backbone netWork. This data stream is 
noW also to be transmitted as a Whole via the public transport 
netWork WAN in order to connect the sub-networks SN1, 
SN2 and the individual router R6 to form a Whole netWork. 

[0029] For this purpose, at the interface betWeen public 
transport netWork and private company netWork neW mul 
tiplex units C-4 are generated by the multiplexer and con 
catenated to form a virtual concatenation VC-4v. Such a 
virtual concatenation of virtual containers VC-4 is knoWn 
per se and described in ITU-T G.707 Chpt. 8.1.7. The 
number of multiplex units in the concatenation is dependent 
upon the siZe of the transport module to be transmitted. If, 
as in the exemplary embodiment, a STM-4 is to be trans 
mitted, the public netWork operator requires ?ve multiplex 
units of the type VC-4. TWo VC-4s Would be required for 
STM-l, seventeen VC-4s for STM-16 and sixty eight VC-4s 
for STM64. In the mapping shoWn in FIG. 2 this is 
schematically indicated by parallel paths in the How dia 
gram. The virtual containers VC-4 of the concatenation are 
noW combined to form a neW AUG in accordance With the 
above described multiplex rule. As is knoWn, a STM-N can 
accommodate exactly N VC-4s. As the number of concat 
enated containers (2, 5, 17 or 68) does not correspond to the 
permissible values for N (1, 4, 16, 64), the next larger 
transport frame must be used. The remaining capacity of the 
transport frame can be ?lled With further multiplex units 
VC-4. This is illustrated in FIG. 2 by a further tributary for 
the upper AUG. 

[0030] As this is a virtual concatenation, alternatively to a 
next larger transport frame it is also possible to use several 
smaller transport frames. The individual multiplex units of 
the virtual concatenation thus need not necessarily be trans 
mitted via the same interface but can also take different paths 
through the transmission netWork, transit time differences 
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being compensated by intermediate storage in the receiving 
netWork element. HoWever it is advantageous to transmit the 
virtual concatenation in one single transport module as this 
minimiZes the transit time differences. 

[0031] NoW a neW transport frame STM-N is formed and 
the AUG is embedded in the payload section of this neW 
transport frame. The periodic repetition of this transport 
frame alWays With a neW payload gives rise to a neW 
synchronous data stream Which is transmitted via the trans 
port netWork WAN of the public operator. In the transmis 
sion the overhead of the neWly formed transport frames is 
exclusively available for control and management functions 
of the public transport netWork. In accordance With the 
ITU-T recommendations the public operator can access the 
overhead bytes With no further restrictions Without con?ict 
ing With the netWork management system of the private 
operator, as the transport frames formed by its netWork 
elements, together With overhead, are transported as payload 
through the public transport netWork. FIG. 3 illustrates the 
corresponding mapping for a SONET-based transport net 
Work. Instead of a VC-4, in SONET one alWays uses three 
VC-3s Which are combined to form an AUG. In SONET the 
transport modules are knoWn not as STM-N but as OC-N 

(optical) or STS-N (electrical) Where N=3, 12, 48 or 192. 
Similarly to a STM-N, they also contain a RSOH and a 
MSOH in the overhead section. HoWever they include not 
only one pointer, but, in accordance With the number of 
multiplex units of the highest hierarchy stage (VC-3), three 
pointers to the three VC-3s of the AUG. The number of 
virtual containers VC-3-Xv for the transport modules OC-3, 
OC-12 and OC-48 Which are to be virtually concatenated for 
the transport is shoWn in the Figure. 

[0032] In addition to the mappings illustrated in FIGS. 2 
and 3, mixed forms are also possible, in the case of Which 
for example the private operator runs a SONET-based net 
Work and connects its sub-networks via a SDH-based trans 
port netWork of the public operator. 

[0033] FIGS. 4a and 4b schematically illustrate hoW in 
the ?rst exemplary embodiment the transport frames from 
the private netWork Which are to be transported are embed 
ded in the public operator’s concatenated multiplex units 
Which are to be neWly formed. FIG. 4a ?rstly shoWs the 
construction of the STM-4 of the private operator. The 
construction corresponds to the speci?cations of ITU-T 
G.707. The STM-4 has one single overhead section With a 
length of N*9 columns and one single payload section 
containing an AUG4 formed by byte-Wise interleaving of 
four AUGls. HoWever for greater clarity a different desig 
nation has been selected in FIG. 4a. It should be noted that 
here merely a different designation has been selected While 
the actual construction in the exemplary embodiment cor 
responds to the rules of ITU-T G.707. 

[0034] As illustrated in FIG. 4a, the STM-4 consists of 
four byte-Wise interleaved frames of the type STM-1* *. The 
designation STM-1** Was selected to indicate that these are 
not STM-l frames, although the STM-1** frames formally 
correspond to a STM-l frame in construction and appear 
ance. For clarity the four STM-1**s have been illustrated 
not in interleaved but serial form. 

[0035] Each of the four STM-1**s consists of an AUG1 
and a part of the overhead section of the STM-4. As already 
stated, the STM-4 contains only one single overhead section 
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consisting of 4*9 columns. However in FIG. 4a this over 
head section has been shoWn split into four equal parts, one 
quarter of the overhead section in each case being assigned 
to one STM-1** as overhead of this ?ctive frame. As the 
four STM-1**s are interleaved byte-Wise, the four parts 
exactly form the actual overhead section of the STM-4. The 
overhead section consists of RS-OH, MS-OH and AU 
pointer AU-PTR. The designations for each of the overhead 
sections of the four STM-1**s have also been chosen 
accordingly in FIG. 4a. The overhead section is adjoined by 
the payload section Which, in accordance With the ?ctive 
division into four STM-1**s, has likeWise been shoWn 
divided into four parts, one part of the payload section in 
each case being assigned to one STM-1**. Each of the parts 
of the payload section contains a virtual container VC-4 
consisting of a container C4 and a container overhead POH. 
HoWever, for clarity, and Without limiting the generality, in 
the Figure the containers contained in the payload section 
have been shoWn directly adjoining the overhead section of 
the transport frame, ie in the exemplary embodiment the 
AU-pointers Would all be Zero. In actuality the VC-4 can be 
arbitrarily positioned in the payload section of a STM-1** 
and extend into the payload section of the folloWing frame. 
This is a basic characteristic of synchronous transport net 
Works (SDH, SONET): Clock differences betWeen indi 
vidual netWork elements of the transport netWork are com 
pensated by AU pointer justi?cation and corresponding 
displacement of the virtual container. 

[0036] A STM-1** has 9 roWs and 270 columns. The 
columns 1-9 are occupied by the quarter of the overhead 
section assigned to the STM-1** While the other columns 
10-270 represent the part of the payload section assigned to 
the STM-1**. 

[0037] FIG. 4b illustrates the ?ve virtual containers 
VC-4v of the virtual concatenation VC-4-5v. The upper part 
of the Figure provides a detailed vieW of the ?rst virtual 
container VC-4v#1, While the other four virtual containers 
have been illustrated in reduced form. In reality hoWever all 
?ve virtual containers are of the same length. 

[0038] Each of the virtual containers is assigned an AU 
pointer AU-PTR-v1, . . . , AU-PTR-v5 indicating its phase 

position in the superordinate transport module. VC-4 and 
AU-pointer represent an AUG1. Since this is a virtual 
concatenation, all ?ve AU-pointers are determined indepen 
dently of one another as the ?ve VC-4s can be transmitted 
in any phase position relative to one another. The column 
numbers of 1 to 261 are indicated at the upper edge of the 
VC-4 and the roW numbers of 1 to 9 of the AUG are 
indicated at the right-hand edge. 

[0039] The ?rst VC-4 commences in column 1 With the 
POH (path overhead). This is folloWed by the payload 
section of the VC-4 in Which the overhead sections of the 
STM-4 to be transported are packed. Columns 2 to 10 
contain the overhead section of the ?rst STM-1** from the 
STM-4, columns 11 to 19 contain the overhead section of the 
second STM-1**, columns 20 to 28 contain the overhead 
section of the third STM-1**, and columns 29 to 37 the 
overhead section of the fourth STM-1**. These are adjoined 
in columns 38 to 41 by the container overheads POH of the 
four multiplex units contained in the four STM-1**s. The 
other columns 42 to 261 are reserved for proprietary or 
future use by the netWork management systems of public 
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and private netWork operator and if they are not used are 
?lled With hexFF. By Way of example it has been shoWn that 
columns 42 to 50 are reserved for the public operator and 
columns 51 to 269 for the private operator. 

[0040] The second VC-4 of the concatenation likeWise 
contains a container head POH#v2. Adjoining the container 
overhead the ?rst container C4 from the STM-4 frame to be 
transmitted is attached as payload. Correspondingly, the 
third VC-4 of the concatenation contains the second con 
tainer C4 from the STM-4 frame, the fourth VC-4 contains 
the third container C4 and ?nally the ?fth VC-4 contains the 
fourth container C4. In this Way the entire payload content 
of the STM-4 frame to be transmitted is distributed betWeen 
the virtual containers tWo to ?ve of the concatenation, While 
all the items of control information from the overhead 
sections are embedded in the ?rst VC-4. 

[0041] The corresponding mapping for a transport frame 
of the type STM-16 to be transmitted from the private 
netWork is shoWn in FIGS. 5a and 5b. The STM-16 to be 
transmitted consists of 16 byte-Wise interleaved STM-1**s 
Which each contain a part of the frame overhead comprising 
RS-OH, MS-OH and AU pointer. These in turn are in each 
case adjoined by a virtual container of the type VC-4 
consisting of a container overhead POH and a payload 
section C4. Only the ?rst tWo STM-1** frames and the last, 
i.e. sixteenth, STM-1** frame have been shoWn by Way of 
example in FIG. 5a. 

[0042] FIG. 5b illustrates hoW this STM-16 frame is 
packed into a virtual concatenation of seventeen VC-4s. By 
Way of example FIG. 5b shoWs only the ?rst three VC-4s 
and the last, ie the seventeenth, VC-4 of the concatenation. 
As in the previous example the ?rst VC-4 contains the frame 
overheads of the sixteen STM-1** frames of the STM-16 to 
be transmitted and the container overheads POH of the 
VC-4s from the STM-16. As in the previous example, the 
column numbers of the AUG are indicated at the upper edge 
and the roW numbers at the right-hand edge. The AU-pointer 
consists of nine bytes. In the ?rst column of the AUG the 
VC-4 commences With its POH. Columns 2 to 10 contain the 
overhead section of the ?rst STM-1** from the STM-16 to 
be transmitted, columns 11 to 19 contain the overhead 
section of the second STM-1** etc. Finally columns 137 to 
145 (137=+15*9) contain the overhead section of the six 
teenth STM-1** frame to be transmitted. This is adjoined in 
columns 146 to 161 by the container overheads POH of the 
STM-1** to be transmitted. RoWs 162 to 261 are reserved 
for proprietary or future use by the netWork management 
systems of public and private netWork operator and if they 
are not used are ?lled With hexFF. By Way of example it has 
been shoWn that columns 162 to 170 are reserved for the 
public operator and columns 171 to 261 are reserved for the 
private operator. 

[0043] FIG. 6 schematically illustrates hoW the transmis 
sion of the transport frames betWeen the sub-networks of the 
private operator takes place via the public transport netWork. 
This is based on the same arrangement as in FIG. 1 but the 
public transport netWork WAN has been shoWn in detail. It 
consists of tWo ring netWorks connected to one another at 
tWo locations. The ring netWorks consist of netWork ele 
ments ADM, DXC Which are bidirectionally connected to 
one another. Such netWork elements are add/drop multiplex 
ers ADM or digital cross-connects DXC. Each of the net 
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Work elements R2, R4 and R6 of the operator interconnect 
ing the private sub-netWorks SNl, SN2 via the public 
transport network WAN are in each case connected to an 
add/drop multiplexer of the public transport netWork. By 
means of these add/drop multiplexers, the transport frames 
to be transmitted betWeen the sub-netWorks SNl, SN2 and 
R6 are packed into a concatenation of virtual containers in 
accordance With the process already explained in detail, and 
are transmitted in neWly formed transport frames. BetWeen 
the netWork elements R2, R4 and R6 this gives rise to a 
virtual ring netWork VR via Which the multiplex signals 
structured into STM-4 transport frames are transmitted. 

[0044] For greater clarity FIG. 7 shoWs a schematic detail 
vieW of the virtual ring netWork VR. As the STM-4 frames 
are transmitted transparently betWeen the netWork elements 
R2, R4 and R6 via the public transport netWork in that they 
are treated as payload and packed into a concatenation of 
virtual containers, for the private netWork operator this is no 
different to a direct connection of its netWork elements. 
Therefore from the standpoint of the private netWork opera 
tor the netWork elements R2, R4 and R6 are bidirectionally 
interconnected to form a ring netWork. Thus in this virtual 
ring netWork in the case of a fault, i.e. When the connection 
betWeen tWo of the three netWork elements fails, it is also 
possible to sWitch over to the opposite direction in the ring 
and thus to re-establish the connection in spite of the failure. 
A protection circuit of this kind is referred to as MS 
SPRING. Proprietary rings and linear MS protection circuits 
can also be set up. 

[0045] FIG. 8 illustrates a multiplexer ADM With Which 
the transmission process according to the invention can be 
executed. This is an add/drop multiplexer as used for 
example in the public transport netWork WAN in FIG. 6. 
The multiplexer in each case comprises an east- and a 
West-input IN_EAST, IN_WEST and an east- and a West 
output OUT_EAST, OUT_WEST Which are connected to 
four optical Waveguides serving as east- and West lines of a 
bidirectional SDH ring netWork. STM-16 frames are 
received at the inputs and STM-16 frames are transmitted at 
the outputs. In the inputs the received transport frames are 
terminated, i.e. their frame overheads are evaluated and the 
virtual containers of the type VC-4 contained in the frames 
are forWarded to a central sWitching matrix (VC-4 matrix). 
In the outputs neW transport frames STM-16 are formed and 
the virtual containers received from the sWitching matrix are 
packed therein. The multiplexer also comprises a number of 
tributary inputs T_IN and outputs T_OUT via Which payload 
data can be inserted as virtual containers into the ring 
netWork (add) or coupled out of the ring netWork and fed to 
a connected user (drop). 

[0046] The sWitching matrix serves to sWitch those virtual 
containers Which are not to be terminated in the multiplexer 
ADM from the West-input to the east-output and from the 
east-input to the West-output. Virtual containers Which are to 
be terminated by the multiplexer ADM (drop) are sWitched 
from the relevant input via the VC-4 matrix to one of the 
tributary outputs. Payload data Which are to be inserted by 
one of the tributary inputs into the ring (add) are packed in 
a neWly formed virtual container VC-4 in the relevant 
tributary input and sWitched via the VC-4 matrix to one of 
the outputs. 

[0047] A data stream structured to form STM-4 frames is 
received at the tributary input 81. In the input 81, in 

Jan. 3, 2002 

accordance With the mapping described With reference to 
FIG. 4a and 4b, ?ve virtual containers VC-4 are formed for 
each received STM-4 frame and virtually concatenated to 
one another. A STM-4 frame is in each case packed into 
these ?ve VC-4s. The concatenated, ?ve VC-4-5vs are then 
fed to the VC-4 matrix and fed from the matrix to a 

corresponding output, eg the West-output OUT_WEST 
Where they are interleaved With other VC-4s in the STM-16 
frames. 

[0048] The opposite direction is illustrated by Way of 
example at the tributary output 82. The VC-4 matrix 
sWitches to the output 82 a concatenation VC-4-5v of ?ve 
VC-4s Which for example are contained in the STM-16 
frame received at the West-input IN_WEST. At the output 82 
the useful information of the ?ve VC-4s is read out from the 
payload sections thereof, intermediately stored in a buffer 
memory, and assembled in the original phase position to 
form a STM-4 frame Which is then transmitted at the output 
82. To assemble the STM-4 frame, the frame overheads 
packed in accordance With the mapping illustrated in FIG. 
4b are read out from the ?rst VC-4 and used as frame 
overheads for STM-l frames to be neWly formed. Then the 
container heads POH are read out and attached to the 
containers C4 contained in the payload section of the 
folloWing four VC4s. Then the thus neWly formed VC-4s are 
inserted into the STM-l frames in accordance With the value 
of the AU-pointer present in the frame overhead and the 
STM-l frames are interleaved byte-Wise to form a STM-4 
frame. The multiplexer ADM thus operates simultaneously 
as multiplexer and demultiplexer. 

[0049] The virtual concatenation of VC-4s for the trans 
portation of STM-N frames has been used throughout in the 
exemplary embodiments. The virtual concatenation provides 
advantages in the transmission as in interposed netWork 
elements no attention need be paid to the phase position of 
the individual concatenated VC-4s and thus no measures 
need be taken to suppress differential phase ?uctuations 
betWeen the VC-4s. HoWever it is also possible to use a 
contiguous concatenation of VC-4s for the transmission 
according to the invention of STM-N frames. In SONET 
based transport netWorks a concatenation of VC-3s is used 
instead of the concatenation of VC-4s since, as already 
mentioned . the VC-4[. . . 

[0050] The invention can also be used advantageously 
internally in netWork elements in order to sWitch entire 
transport frames using a sWitching matrix designed only for 
virtual containers. In this case a received transport frame is 
embedded in a concatenation of virtual containers at the 
input end Whereupon the virtual containers of the concat 
enation are sWitched by the sWitching matrix to an output 
Where they are removed again and the original transport 
frame is re-assembled. This facilitates the sWitching of 
Whole transport frames by a matrix Which in itself can only 
sWitch virtual containers. As a result the frame overhead of 
the transport frames need not be terminated at the input end 
and re-generated at the output end. 

[0051] At least in theory, the process according to the 
invention can be iteratively interleaved as often as desired, 
i.e. a ?rst frame-structured synchronous multiplex signal can 
be transmitted as payload of a ?rst virtual concatenation in 
a second frame-structured synchronous multiplex signal 
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Which in turn is transported as payload of a second virtual 
concatenation in a third frame-structured synchronous mul 
tiplex signal etc. 

What is claimed is: 
1. A method of transmitting, via a synchronous digital 

transport network, a frame-structured synchronous multi 
plex signal, composed of frames having a payload section 
and an overhead section, in the payload section of Which 
multiplex units are multiplexed according to a multiplex 
hierarchy, comprising the step of transmitting a frame to be 
transmitted, including its unchanged overhead section, as 
payload in a concatenation of neWly formed multiplex units. 

2. A method according to claim 1 further comprising the 
steps of: 

creating a number of neW multiplex units of the same siZe, 
and concatenating these neW multiplex units to form a 
virtual concatenation, 

packing the frame, including the overhead section thereof, 
in payload sections of the concatenated neW multiplex 
units, 

creating at least one neW frame and embedding the 
concatenated neW multiplex units in the payload sec 
tion thereof, and 

transmitting the at least one neW frame via the synchro 
nous transport netWork. 

3. A method according to claim 1, Wherein the synchro 
nous transport netWork is a SDH netWork, Wherein the 
frames are synchronous transport modules of the type 
STM-N Where N=1, 4, 16 or 64, Wherein the multiplex units 
are virtual containers of the type VC-N Where N=11, 12, 2, 
3, or 4 or contiguously concatenated virtual containers of the 
type VC-4-Nc Where N=4 or 16, and Wherein the neWly 
formed multiplex units are virtual containers of the type 
VC-N Where N=3 or 4. 

4. Amethod according to claim 1 Wherein, in a ?rst of the 
neWly formed multiplex units, the overhead section of a 
frame to be transmitted and path overheads of the multiplex 
units contained in the payload section of this frame are 
combined, and Wherein one of the multiplex units from the 
payload section of this transport frame Without the path 
overhead thereof is inserted into each of the remaining 
neWly formed multiplex units of the concatenation. 
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5. A method according to claim 1, Wherein a frame of the 
type STM-l, OC-3 or OC-3-3c is transported via tWo 
virtually concatenated virtual containers of the type VC-4 or 
via four virtually concatenated virtual containers of the type 
VC-3. 

6. A method according to claim 1, Wherein a frame of the 
type STM-4, OC-12 or OC-3-12c is transported via ?ve 
virtually concatenated virtual containers of the type VC-4 or 
thirteen virtually concatenated virtual containers of the type 
VC-3. 

7. A method according to claim 1, Wherein a frame of the 
type STM-16, OC-48 or OC-3-48c is transported via sev 
enteen virtually concatenated virtual containers of the type 
VC-4 or via ?fty one virtually concatenated virtual contain 
ers of the type VC-3. 

8. A method according to claim 1, Wherein a frame of the 
type STM-64, OC-192 or OC-3-192c is transported via sixty 
eight virtually concatenated virtual containers of the type 
VC-4. 

9. A multiplexer for a synchronous digital transport net 
Work comprising: 

at least one tributary input for receiving a ?rst frame 
structured synchronous multiplex signal being com 
posed of ?rst frames each having a payload section and 
an overhead section, in the payload sections of Which 
multiplex units are inserted in accordance With a mul 
tiplex hierarchy, 

a multiplex device, connected to the tributary input, for 
creating neW multiplex units, for concatenating the 
neWly formed multiplex units to form a concatenation, 
and for packing a received frame, including the 
unchanged overhead sections thereof, as payload in the 
concatenation of the neWly formed multiplex units, and 

at least one output for creating and transmitting a second, 
frame-structured synchronous multiplex signal com 
posed of second frames in Whose payload sections the 
concatenated, neWly formed multiplex units are 
inserted. 

10. A multiplexer according to claim 9 comprising a 
sWitching matrix for selectively sWitching of multiplex 
units, Wherein the multiplex device is connected to a matrix 
input and the output is connected to a matrix output. 

* * * * * 


